Wahrnehmungsbasierte Routenwahl im Brandfall by Schröder, Benjamin
Wahrnehmungsbasierte	  
Routenwahl	  im	  Brandfall	  
Benjamin	  Schröder,	  David	  Haensel,	  	  
Mohcine	  Chraibi,	  Lukas	  Arnold,	  	  
Armin	  Seyfried,	  Erik	  Andresen	  	  
	  
Bergische	  Universiät	  Wuppertal	  
LuFG	  ComputersimulaHon	  im	  Brandschutz	  und	  Fußgängerverkehr	  
Benjamin Schröder 
MOTIVATION	  
Benjamin Schröder 
MOTIVATION 
§ 33 MBO: 
Für Nutzungseinheiten […] 
müssen in jedem Geschoss 
mindestens zwei voneinander 
unabhängige Rettungswege 
ins Freie vorhanden sein. 
 
§ 36 MBO: 
Notwendige Flure sind […] in 
Rauchabschnitte zu 
unterteilen. 
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MOTIVATION 
? Bild: www.worldofarchi.com 
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MOTIVATION 
•  Leistungsorientierte Nachweisführung: ASET/RSET – 
Konzept 
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ΔtFlucht
individuelle Fluchtzeit
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individuelle
Reaktionszeit
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+
Detektion Alarm
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Δterforderlich
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Δtverfügbar
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Sicherheits-
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ΔtSicherheit
Erreichen 
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[6]	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MOTIVATION 
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MOTIVATION 
•  Nachweisziel: ASET > RSET 
•  Herausforderung: lokale und temporale Auflösung, 
multiple Akzeptanzkriterien 
•  Identifikation der maßgeblichen Szenarien 
•  Problem: Interaktion zwischen ASET und RSET 
Berechnung VOR dem Überschreiten von 
Akzeptanzkriteren 
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MOTIVATION 
•  Kopplungsansätze können 
die Dynamik abbilden 
•  Meistens basierend auf 
der operationalen 
Modellebene 
•  Erweiterung mit Bezug auf 
die taktische Modellebene 
§  Wahrnehmung 
§  Entscheidungsfindung 
Strategic	  Level	  
TacHcal	  Level	  
OperaHonal	  Level	  
Hierarchy of motion [1] 
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JÜLICH PEDESTRIAN SIMULATOR 
•  open-source Forschungs-Framework zur Simulation und 
Analyse von Persoenströmen [2] 
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COGNITIVE MAP KONZEPT 
•  Grundlagenerforschung durch E.C. Tolman [3] und 
Fortführung durch B. Kuipers [4, 5] 
 
Cognitive map:  
Gesamtheit topologischer und 
metrischer Zusammenhänge,  
die aus Beobachtungen,  
allgemeinen Konventionen und 
bereitgestellten Informationen 
abgeleitet werden. 
•  agentenbasierte Implementierung 
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COGNITIVE MAP KONZEPT 
Wissen	  
• 1. Ordnung: räumliche 
Informationen 
(metrische Karte) 
• 2. Ordnung: zusätzliche 
Informationen 
Wahrnehmung 
• Umsetzung durch 
Sensoren 
Entscheidung 
• Kostenberechnung 
auf einem Graph-
Netzwerk 
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COGNITIVE MAP KONZEPT 
•  Abbildung von Wissen  
1. Ordnung durch einen  
Graphen 
•  Räume = Knoten 
•  Türen = Kanten 
 
 
 
•  Kantengewichtung: 
COGNITIVE MAP CONCEPT
The Cognitive map concept has been introduced by E.C. Tolman.16 On this basis, B. Kuipers
defined the cognitive map as an aggregation of topological and metric relations that are derived from
observations, fixed features and route information.12,13 These findings were the basis for a first im-
plementation of a knowledge-based routing framework5 in JuPedSim. The cognitive map concept is
implemented to model the navigation process for each agent. Generally, the implementation comprises
three main elements: knowledge, perception and decision-making. An agent’s individual knowledge is
grouped in first order knowledge and second order knowledge. The first order knowledge includes the
spatial information of the environment and is represented by the metric map. It is modelled as a graph-
based structure. By means of individual knowledge, it is possible to vary the initial extent of the metric
map for each agent. Additionally, the metric map can be extended by exploring the environment. The
second order knowledge provides the capability to enrich the spatial knowledge with additional informa-
tion, e.g. the perception of smoke, signage or jamming. The necessary information for these processes
are issued from a sensor framework. With sensors, it is possible to add any information to the cognitive
map and thereby affect the decision making. The decision making is based on the cost calculation along
the navigation graph as described in the following section. It incorporates both first and second order
knowledge.
NAVIGATION GRAPH
The navigation graph structure is the basis for the decision modelling that is implemented in
JPScore. Figure 1 shows a simple test geometry and its representation as a navigation graph. The
geometry consists of three rooms. Room 1 is assumed as an assembly hall where the occupants will be
located and Room 3 is a vestibule with a wardrobe. Room 2 is assigned as a corridor that leads towards
the final exits E and F. All rooms are connected by bidirectional edges. In the following sections, a fire
in Room 3 will be considered for the coupled fire and evacuation analyses.
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Figure 1: Representation of the test geometry’s metric map (left) as a navigation graph structure (right)
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SMOKE SENSOR 
•  Sensor: Eingabekanal zur Versorgung des 
Entscheidungs-Submodells mit Wissen 2. 
Ordnung 
•  Hier: Smoke-Sensor zur Modellierung der 
Wahrnehmung von Rauch im Sichtfeld 
•  Aufbereitung von Felddaten aus CFD-
Brandsimulation (Optische Dichte) 
•  zyklische Verarbeitung im Routing-Submodell 
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GRUNDSÄTZLICHE IDEE 
the trajectories of one predefined scenario. In order to test the outlined concept, the influence of the
coupling parameters will be determined within a sensitivity analyses. The test scenario for the sensitivity
analyses is based on both static and variable parameters. The static conditions assume a total num-
ber of 200 people in the central assembly hall (Room 1) of the test geometry (See Figure 1). Further
on, population-related parameter distributions like pre-evacuation times, movement speeds, or space de-
mands are varied randomly but without further consideration in the design of experiment. The parameters
listed in Figure 5 will be varied for the sensitivity analyses. For the efficient generation of space-filling
parameter sets, a Latin Hypercube sampling is applied.10 For this purpose, the parameter bounds as well
as their statistical distributions have to be defined. An overview of the calibration parameters is listed in
Table 2:
Table 2: Parameters for the sensitivity analyses
Parameter Description Value Static Variable
N Number of occupants 200 X
tpre Pre-evacuation time normal distribution
µ = 120 s, s = 60 s
X
v0 Desired velocity normal distribution
µ = 1.0 ms 1, s = 0.2 ms 1
X
hextract Extraction height hextract = 2 ... 3.0 m X
Dtextract Extraction time intervall Dtextract = 15 ... 60 s X
Dxgrid Smoke factor grid resolution Dxgrid = 0.25 ... 4 m X
frisk Individual risk tolerance factor truncated normal distribution
µ = 0.4 ... 0.8, s = 0.1
X
Qualitative verification
For a first qualitative verification without further temporal resolution, we check if the resulting route
choice patterns are plausible. For this purpose, the trajectory plots are analysed (see Figure 6). The
conventional evacuation based on shortest path calculation reveals a well balanced exit usage within the
geometry. This applies to the intermediate exits A and B as well as to the final exits E and F. Regarding
the central assembly room, the majority of the population separates into two pedestrian streams that
move to the nearest intermediate exits, respectively A or B . Consequently, two initial zones are forming,
whose borderline fairly accurately represents the centre line of the test geometry (see Subfigure 6b). As
the simulations were executed with activated room-to-corridor sensor, exit C is rarely used. The room-
to-corridor sensors favours edges that lead to rooms that are assigned as corridors. Once the agents have
reached the intermediate exits, they proceed to their particular final exits at both ends of the corridor.
These results can be attributed to the population’s global knowledge about the building structure. In
detail, the agents are able to evaluate the complete course of their individual shortest path towards a
final exit. As the whole population is supposed to have a complete cognitive map, these results are
plausible. The extension of the cognitive map router with the aforementioned smoke sensor enables
the consideration of dynamic smoke spread inside a building structure for the individual evaluation of
available exit options. For this purpose, Subfigure 6c illustrates a representative stadium of the smoke
spread inside the test geometry. The trajectories visualised in subfigure 6d have been calculated with
activated smoke sensor and clearly show the adapted route choice patterns. Again, the evacuation process
can be described with two phases. Initially, the intermediate exits A, B, and C are evaluated. As the latter
one leads towards the fire compartment with very high optical densities, this exit option becomes unlikely
to be used. It appears that the initial zones of the exits A and B are different. Therefore, the usage ratio
of both exits changes dynamically as the agents increasingly use exit B over the course of the simulation.
Exit
PE := (x2|y2)
Agent
PA := (x1|y1)
 textract
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VERARBEITUNG DER OPTISCHEN DICHTE 
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BERECHNUNG EINES KANTENFAKTORS 
•  Faktor fsmoke 
•  Berücksichtigung beliebiger Agentenpositionen 
durch eine Gitterstruktur 
Figure 2: Left: Instantaneous smoke spread in a test geometry (see Figure 1) and the construction of a
single perception vector from an agent at position PA to the exit at position PE . Right: The optical density
D along the perception vector as a function of the distance to the agent l.
To compute the individual smoke factor fsmoke, the optical density D along the perception vector is
evaluated using a line of sight integral over D and the evaluation of local maxima of D in the following
way:
fsmoke =
max{D(l)AE}
max{D()lAEall}
·
Z PE
PA
D(l,hextract ,Dtextract) dl, [4]
where
max{D(l)AE} is maximum of the optical density along the perception vector,
max{D(l)AEall} is maximum of the optical density along all perception vectors to all exits.
The integral part of the right hand side of Equation 4 accounts for the accumulated opacity. However,
we additionally consider the ratios of the maximal values of the optical density to distinguish paths with
high local density values. This makes exits with low density values more favourable than exits with
high values – although the opacities might be equal. Further on, the outlined processing considers the
interference of a perception vector with obstructions. In this case, the belonging exit is not considered
for the edge factor calculation. For the evaluation of each available exit, all agent positions have to
be considered for the smoke factor calculation. To reduce the computing demand, we introduce a grid
structure that covers the whole geometry with a certain grid resolution Dxgrid . Subsequently, the smoke
factors for each grid point are computed, where the evaluation point PA in Equation 4 is considered as the
cell centre. Assuming an agent standing at an arbitrary point in the assembly room of the test geometry,
this process is illustrated in Figure 3. The three meshes (with a grid resolution of Dxgrid = 1.0 m)
on the right side visualise the smoke factor grid for each contemplable exit at an extraction time of
textract = 165 s. Regarding the smoke spread in the geometry, exit C will be evaluated as the unsafest
followed by exit A und exit B.
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BERÜCKSICHTIGUNG VON UNSICHERHEITEN 
•  Einführung eines Risikotoleranz-Faktors, um die 
Variabilität hinsichtlich des menschlichen 
Verhaltens zu modellieren 
•  Zusammenführung aus Wahrnehmung und 
Risikotoleranz:  
fksmoke =
⇢
1
> 1
edge weight =
⇢
neutral
expensive
!
fksmoke = 1 + 2 · fsmoke · (1  frisk)
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  VERIFIKATION	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SENSITIVITÄTSANALYSE 
the trajectories of one predefined scenario. In order to test the outlined concept, the influence of the
coupling parameters will be determined within a sensitivity analyses. The test scenario for the sensitivity
analyses is based on both static and variable parameters. The static conditions assume a total num-
ber of 200 people in the central assembly hall (Room 1) of the test geometry (See Figure 1). Further
on, population-related parameter distributions like pre-evacuation times, movement speeds, or space de-
mands are varied randomly but without further consideration in the design of experiment. The parameters
listed in Figure 5 will be varied for the sensitivity analyses. For the efficient generation of space-filling
parameter sets, a Latin Hypercube sampling is applied.10 For this purpose, the parameter bounds as well
as their statistical distributions have to be defined. An overview of the calibration parameters is listed in
Table 2:
Table 2: Parameters for the sensitivity analyses
Parameter Description Value Static Variable
N Number of occupants 200 X
tpre Pre-evacuation time normal distribution
µ = 120 s, s = 60 s
X
v0 Desired velocity normal distribution
µ = 1.0 ms 1, s = 0.2 ms 1
X
hextract Extraction height hextract = 2 ... 3.0 m X
Dtextract Extraction time intervall Dtextract = 15 ... 60 s X
Dxgrid Smoke factor grid resolution Dxgrid = 0.25 ... 4 m X
frisk Individual risk tolerance factor truncated normal distribution
µ = 0.4 ... 0.8, s = 0.1
X
Qualitative verification
For a first qualitative verification without further temporal resolution, we check if the resulting route
choice patterns are plausible. For this purpose, the trajectory plots are analysed (see Figure 6). The
conventional evacuation based on shortest path calculation reveals a well balanced exit usage within the
geometry. This applies to the intermediate exits A and B as well as to the final exits E and F. Regarding
the central assembly room, the majority of the population separates into two pedestrian streams that
move to the nearest intermediate exits, respectively A or B . Consequently, two initial zones are forming,
whose borderline fairly accurately represents the centre line of the test geometry (see Subfigure 6b). As
the simulations were executed with activated room-to-corridor sensor, exit C is rarely used. The room-
to-corridor sensors favours edges that lead to rooms that are assigned as corridors. Once the agents have
reached the intermediate exits, they proceed to their particular final exits at both ends of the corridor.
These results can be attributed to the population’s global knowledge about the building structure. In
detail, the agents are able to evaluate the complete course of their individual shortest path towards a
final exit. As the whole population is supposed to have a complete cognitive map, these results are
plausible. The extension of the cognitive map router with the aforementioned smoke sensor enables
the consideration of dynamic smoke spread inside a building structure for the individual evaluation of
available exit options. For this purpose, Subfigure 6c illustrates a representative stadium of the smoke
spread inside the test geometry. The trajectories visualised in subfigure 6d have been calculated with
activated smoke sensor and clearly show the adapted route choice patterns. Again, the evacuation process
can be described with two phases. Initially, the intermediate exits A, B, and C are evaluated. As the latter
one leads towards the fire compartment with very high optical densities, this exit option becomes unlikely
to be used. It appears that the initial zones of the exits A and B are different. Therefore, the usage ratio
of both exits changes dynamically as the agents increasingly use exit B over the course of the simulation.
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SENSITIVITÄTSANALYSE 
•  Latin Hypercube Sampling  
•  200 samples mit10 Realisationen 
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ZUSAMMENFASSUNG	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ZUSAMMENFASSUNG 
•  Routenwahl-Framework inspiriert durch die 
Kognitonswissenschaften. 
•  Dynamische Routenwahlmuster konnten beobachtet 
werden. 
•  Sensitivität der eingeführten Modellparameter wurde 
ermittelt. 
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AUSBLICK 
•  Optimierung der Datenverarbeitung 
•  Kalibrierung, repräsentative Parametersampling-
Strategien  
•  Modellerweiterung auf der operationalen Ebene 
(Gehgeschwindigkeitsreduzierung in Rauch, Intoxikation 
von Brandprodukten) 
•  Übertragung auf komplexe Geometrien 
•  Systematische Analyse der Resilienz komplexer 
Rettungswegsysteme im Brandfall 
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VIELEN	  DANK!	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